A core-shell nanosensor was fabricated by molecular self-assemble and evaporation technique in this paper. The optical property of that was measured based on the detection system of LSPR. The sensitivity of this core-shell nanosensor is 300nm/RIU and the decay length is 26nm based LSPR detection system. The results show that this nansensor can reach high sensitivity and be applied for the small molecule or low concentration detection.
1.Introduction
Noble nanoparticles such as gold and silver have attracted much attention owing to unique optical properties in biosensor during recent years [1] [2] [3] . One of the most interesting properties known as localized surface plasmon resonances (LSPR) which comes from the collective oscillation of the free electrons exited by incident electromagnetic wave [4] [5] . It is reported that the properties of nanoparticles are dependent on the shape, size and composition of the nanostructures [6] . The position of plasmon resonances is excessively sensitive to the tiny variety of the local environment of the nanoparticles [7] . Therefore, the sensors based on LSPR sensing are suitable for the molecular detection with low concentration, especially in chemical and biological sensing.
The LSPR sensing principle mainly depends on the spectral shifts caused by the surrounding dielectric environmental change when adsorbents bind to the surface of the nanoparticle. The optical responses of LSPR sensing are determined not only on the refractive index of the medium but also on the distance from the metal surface.. The decay depends on the type of metal and physical parameters of the nanoparticles can be best described via the following equation [8] :
where R is the wave-length shift or intensity change; m is the refractive index sensitivity, that is, resonant peak shift or intensity change per refractive index unit (RIU) change; Δn is the change in refractive index (RI) of the surrounding medium, which is usually caused by adsorbents; d is the thickness of the binding layer, and l is the plasmon effective decay length. According to the above equation, it is found that the plasmon response of nanoparticles decreased exponentially far away from the nanoparticle surface. Researchers have found that the enhanced electromagnetic fields in LSPR are strongly localized, with decay length of several nanometers in any direction normal to the nanoparticle surface. Further, the decay length of LSPR can be changed by tuning the nanoparticle size, shape, and composition [9] [10] . Core-shell type is a new structure and the parameters of that can be tuned, such as Au shell, Au film and the diameter of Core and so on. So the core-shell nanosensor was studied in this paper. 
2.Experiment section

LSPR detcetion system
LSPR detection system was consisted of peristaltic pump, computer, flow-through cell, spectrograph, light source and so on. The solution provided by peristaltic pump flowed into the flow cell from the left beaker, and the water solution was collected in the right beaker shown in Figure 1 (a). The input light produced by light source shined vertically the surface of the nanosensors by optical probe and the reflected signal was obtained by the spectrograph, and a computer processed the reflected signal to produce an output reflectivity or extinction spectrum. Figure 1(b) is a schematic diagram of core-shell nanosensors by the reflective mode. The core-shell nanosensor was fixed in flow-through cell. The reflectivity is equal to reflective light intensity divided by incident light intensity which is dimensionless number and is applied normalization method in this paper. 
Preparation of core-shell nanosensors
The core-shell nanosensor is layer substrate constructed by the monolayer closely-packed nanoparticle. The 590nm polysyrene nanosphere was employed as the "core" of the nanosensor, and a gold layer of 10nm was used as the "shell" of the nanosensor, which was deposited over the core surface. To form a steady and closely-packed monolayer, all glass slides were ultrasound in "piranha" solution (H 2 O 2 : H 2 SO 4 , 3: 7 by volume) for 2 hours. And then, glass slides were put in ultrapure water and sonication in a mixed solution (NH 3 : H 2 O 2 : H 2 O=1: 1: 5 by volume) for 2 hours in order to get a hydrophilic surface. At last, all glass slides were cleaned in ultrapure water in which they were stored until be used. Next, a drop of mixture solution from a commercially purchased suspension of polystyrene spheres with a diameter of 590 nm at a concentration of about 20% and ethanol by volume 1:2 was spin-coated on the slide at a typical rotation rate of 3000 rpm with 20 s. The slide was slowly put into the container with ultrapure water. After the monolayer polysyrene kept stable in water, the monolayer polysyrene was absorbed on the other slide. Au shell and film were fabricated by using Ion Sputtering Instrument (Conditions: vacuum: 10 Pa; current: 10 mA; rate: 1 nm/s). The SEM image of the core-shell nanosensor was shown in Figure 2 . It is found that nanoparticles are closely-packed each other, which offers an effective support for repeatability of the nanosensor in theory. The simplest sensing application of the nanosensor is to detect changes in the bulk refractive index of their environment through shifts in the LSPR peak wavelength. It can be reported that the LSPR peak wavelength is approximately linear to changes in refractive index of the surrounding medium. Therefore, the refractive index sensitivity s of nanosensor is usually reported in nanometers of peak shift per refractive index unit (nm/RIU), that is / s d dn λ = As shown in Figure 5(b) , although the Plasmon resonance wavelength is not strictly linear to the index of refraction, it is linear to a good approximation over small ranges of n (R 2 >0.95). From the linear regressions of Figure 3 (b), we are able to calculate the bulk RIS (wavelength) s=470nm/RIU. It shows that the core-shell nanosensor of polystyrene is very sensitive to the surrounding medium, which can be useful for high sensitive detection. If the nanosensor was applied for biosensors, we must know the decay length to reach high sensitivity when binding event occurs. Because the field decay length of the nanosensor may be short, the sensitivity will decrease when the size of the biomolecule is out of that field. So the decay length is extremely important to measure the sensitivity of the nanosensor. Polyelectrolyte multilayers are simplicity, reproducibility and a highly controlled thickness. So Polyelectrolyte multilayers were employed to determine the decay length. Polyelectrolyte multilayers were deposited on the surface of Au shell and extinction spectra were measured after the binding of each bilayer. The LbL assembly was carried out until the plasmon peak wavelength and intensity were kept stable. The thickness of the layer was assumed to be 2.1 nm according to the measurement of the same multilayer system by Ofer Kedem [20] . Figure 4 (a) is the reflectivity value of the core-shell nanosensor in air when the PAH/PSS bilayer was continuously absorbed on the surface of the core-shell nanosensor. The left black solid line is the reflectivity of the core-shell nanosensor. The right purple solid line is the reflectivity of the core-shell sensor which absorbed 17 layers PAH/PSS bilayer in air. The LSPR peaks shifts from 740 nm to 965 nm when the number of bilayers increase. The LSPR peak shows a stable tendency when the core-shell nanosensor absorbed 17 layers of the PAH/PSS bilayer and the LSPR wavelength peaks keep stable. For the core-shell nanosensor, four sets of data corresponding to the fourth, eighth, twelfth, sixteenth layer were selected to make an exponential curve fitting according to equation 1 shown in Figure 4(b) . And then, the parameters can be obtained that 300 m = nm/RIU, 26 l = nm. The results show that this nanosensor is sensitive to surroundings around the surface of nanosensor. The decay length of this nanosensor shows that this naosensor is suitable for the small molecule detection and maybe obtain very high sensitivity.
The measurement of The decay length
